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(57) The present invention relates to carbon fiber re- 
inforced resin compositions comprising the following es- 
sential components (A), (B) and (C), and to molding 
compounds and molded products made by processing 
and molding the carbon fiber reinforced resin composi- 
tion; Component (A): 0.01 to 0.7% by weight of vapor 
grown carbon fiber and/or nanotubes based on 100% 
by weight of the carbon fiber reinforced resin composi- 
tion, of which the average diameter of single fiber ranges 



from 1 to 45 nm; Component (B): 6 to 40% by weight of 
carbon fiber based on 1 00% by weight of the carbon fib- 
er reinforced resin composition, of which the average 
diameter of single fiber ranges from 1 to 20um; and 
Component (C): resin. The present invention provides 
carbon fiber reinforced resin composition, molding com- 
pounds and molded products therefrom, having good 
conductivity, mechanical properties and moldability by 
the above constitution. 
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Description 
Field of the invention 

[0001] The present invention relates to carbon fiber reinforced resin compositions, molding compounds and molded 
products therefrom, having good conductivity, mechanical properties and moldability. 

Background of the invention 

J0002] Resin compositions having desired conductivity by blending resin with conductive ™^<«*^^ 
ers) are known Recently, various attempts have been made, such as increase in amount of blended conductive ma- 
^ u^ps^J^^e materials, combination of several conductive materials and the hke, to achieve 

"Te increase in amount of blended conductive materials to achieve higher conductivity, •^•8""£ 
to some problems in many cases such as high viscosity of the composition, large curtailment of machan«al properties, 
such as impact strength, deterioration of outer surface appearance of the molded products and the H» 
[0004] One example of the use of particular conductive materials is blending res.n ^^^T^^l 
nanotube and the like. Such technologies were disclosed in. for example. Japanese Patent La.d-open No (He.) 
7 102112 and WO-2000-050514. However, these particular conductive materials are very expensive. Furthermore. 
conskJerable alunt of these materials must be blended to achieve high conductivity with these materials alone. 
Accordinalv the price of the resin composition becomes expensive. 

S One example of the combination of several conductive materials is to combine carbon black with conductive 
fiber. Such technologies were disclosed in. for example. U.S. Patent No. 4.604.413 and Japanese Patent La.d^pen 
No (Hei) 6-24004 9 These technologies can increase conductivity of conventional resin to ^some degree but d eteno- 
Tates moldability (for examp.e. flowabi.ity when molding) and mechanical properties. Therefore, they could not satisfy 
hiqh conductivity and moldability simultaneously. ,ior 
J£o6] Another examp.e of the combination of several conductive materials is to ^ n ^ afb ° n J^^X l 
small diameter carbon fiber (e.g. vapor grown carbon fiber). Such technologies were disclosed .n, for example, U.S. 
P^ent C 5 643^02 and Japanese Patent Laid-open No.2000-4481 5. According to the above publications however^ 
« was found that some resin compositions having certain ratio of carbon fiber and small d,a 

not increase conductivity and. in some cases, even lowers conductivity. Thus, it ,s clear that the above technolog.es 

££ ^cXntbe^etnforced resin compositions are frequently used for various member of electronic devices ^such 
as persona, computers, office automation devices. AV devices, mobile phones, te.ephones, facsimile machines house- 
hoS appliances, toys and the like because of their high shielding property against electromagnets waves and good 
mechanical propertL. Recently, with the development of portable devices, the thickness of the casing as well as the 
mner parts of the devices have to be small, which results in strong requirements for conduct.vity. mechanical properties, 
and moldability Therefore, deterioration of such characteristic features becomes cntical. 
foooS Sventhe above technologies, it was impossible to prepare camon fiber reinforced resin ^ 
compounds and molded products therefrom that had high conductivity, show high shielding property against electro- 
magnetic waves and satisfy moldability such as flowability when molding and ease of molding . 

Purpose of the invention 

45 [0009] The present invention is intended to provide carbon fiber reinforced resin compos* lions 

and molded products therefrom, having good conductivity, mechanical properties and moldab.lity, beyond the above 
conventional technologies. 
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Disclosure of the invention 



[001 0] The present invention is based on investigation to solve problems in conventional technology and the finding 
that carbon fiber reinforced resin compositions made by blending carbon fiber with particular small diameter carbon 

fiber in a specific ratio produces good results. 

[001 1] The carbon fiber reinforced resin compositions of the present invention have the following essent.al compo- 



[0011] 

55 nents 



Component (A): 0.01 to 0.7% by weight of vapor grown carbon fiber and/or nanotubes based on 100% by weight 
of the carbon fiber reinforced resin composition, of which the average diameter of single fiber ranges from 1 to 45 
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nm; 

Component (B): 6 to 40% by weight of carbon fiber based on 100% by weight of the carbon fiber reinforced resin 
composition, of which the average diameter of single fiber ranges from 1 to 20pm; and 

Component (C): resin. 

10012] The molding compounds and the molded products of the present invention are characterized in that they are 
made by processing and molding said carbon fiber reinforced resin composition. 

Brief descriptions of the drawings 

[0013] 

Figure 1 is a cross-sectional view of an example configuration of the molding compounds according to the present 
invention. 

Figure 2 is a cross-sectional view of another example configuration of the molding compounds according to the 
present invention that is different from the example of Figure 1 . 

Figure 3 is a cross-sectional view of another example configuration of the molding compounds according to the 
present invention that is different from the example of Figure 1 . 

Figure 4 is a cross-sectional view of another example configuration of the molding compounds according to the 
25 present invention that is different from the example of Figure 1 . 

Figure 5 is a cross-sectional view of another example configuration of the molding compounds according to the 
present invention that is different from the example of Figure 1 . 

30 Figure 6 is a cross-sectional view of another example configuration of the molding compounds according to the 

present invention that is different from the example of Figure 1 . 

Figure 7 is a perspective-view of a model casing for electronic devices used in the examples of the present inven- 
tion. 

35 

Descriptions of figure references 
[0014] 

40 1: Structure B containing component (B) as a main component 

2: Structure A containing component (C) as a main component 
3: Model casing for electronic devices 
4: Top surface 
5: Weld line 

45 6: Measurement range of outer surface appearance 

L: Length 
W: Width 
H: Height 

50 Preferred embodiments of the present invention 

[001 5] The preferred embodiments of the carbon fiber reinforced resin composition of the present invention will be 
[0 P 0^ resin composition of the present invention is comprised of at least following com- 

55 ponents (A). (B) and (C): 

Component (A): 0.01 to 0.7% by weight of vapor grown carbon fiber and/or nanotubes based on 1 00% by weight 
of the carbon fiber reinforced resin composition, of which the average diameter of single fiber ranges from 1 to 45 
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Component (B): 6 to 40% by weight of carbon fiber based on 100<>/o by weight of the carbon fiber reinforced resin 
composition, of which the average diameter of single fiber ranges from 1 to 20nm; and 



Component (C): resin. 



1001 7] Component (A) of the present invention defines carbon fiber or graphite fiber which 

and obtained by a vapor deposition method which grows crystal in the vapor phase ^d/or s.ngle-iaye or ™*ttay^ 
10 nanotubes obtained by a vapor deposition method, arc discharge method, laser evaporation method and the ''^These 
can be any shape such as a needle, a coil and a tube. Additional at .east two of these can be blended. A process 
for prepa^g component (A) was disclosed in U.S. Patent No. 5.643.502. but is not tented thereto. 
00?S ShLhara et al. reported usage of powdery Y-type zeolite supported ^ and vanad.um .n ^ 
preparing multi-layer nanotubes by vapor deposition method (Chemical Phys.cs Letters. 303.117-124. 1999). Th.s 

S a o asmL trTatmentTs low temperature plasma treatment that is known in the art. although not limited thereto. This 
to rereb^ naTotube and a treating gas are placed in plasma treating area and then treatmg the nanotube 

with oTasma generated by application of high voltage. Examples of treating gases include orgamc or .norganic gases 
^^EZ^Zch as oxygen, nitrogen, hydrogen, ammonia, methane ^^f^^T 
m xture thereof. Oxygen gas plasma treatment is particularly preferred to .mprove the handling ease of a nanotube 
mo20] The average diameter of single fiber of component (A) is in the range of 1 to 45 nm pre erably 5 t 35 nm 
more preferably 7 to 30 nm. and particularly preferably 9 to 25 nm. If the average d.ameter of sing e fiber, ess than 
™m itS sometimes difficult to prepare in the fiber form. On the other hand if the average d.ameter of single fiber ,s 
more than 45 nm.it is sometimes impossible to get specifically desired conductivity. 

[u021] Average aspect ratio of component (A) preferably ranges from 1 to 1 0000 and part.cularly from 20 to 5000. 

ST r^r^ °<» - 0.7% by weight based on 1 00% by weight of 

ZSJnLZe^ZeZln composition. It ranges more preferably from 0.05 to 0.6% by weight, particular^ pref- 
erably from 0 1 to 0.45% by weight and most preferably from 0.15 to 0.35% by weight If the amount of ^o^Ponent W 
fsSss han 0 01 % by weight, it Is sometimes impossible to get desired conductivity. On the other hand, if he amount 
of component (A I is more than 0.7% by weight, the flowabi.ity of the carbon fiber reinforced resin composrtion ideten- 
orateTexfremeS which sometimes results in lower conductivity than the conductivity of the resin composition of com- 
Ponent (BTaTone without component (A). The deterioration of fiowabi.ity curtails mo.daWHty which ,s avoided by Ihe 
pTesen. nvention. and also accelerates cut or breakage of component (B). thereby remarkably degrad.ng > »^ mechan- 
ica, pCeTes or impairing outer surface appearance, for example uneven defects in the surface of the molded products. 
These phenomena are critical shortcoming in member for electronic devices. 

m0231 Component (B) of the present invention defines carbon fiber or graphite fiber made from PANs pitches and 
he"e met^oated carbon fiber made by coating the above carbon fiber or graphite fiber with at eas one layer of 
mJta. such as nickel ytterbium, gold, silver, cupper and the like using plating (electrolysis or electrons). CVD. PVD 
Too p at ng vapor deposition and the .ike; and a combination of at least two thereof. When at least two of the above 
are combLd carbon fiber can be combined with fiber other than carbon fiber such as glass fiber or aramid fibe . PAN 
Type carbo^ fiber is preferable for such carbon fiber because it has good balance between pnce and mechan.ca. prop- 

45 ZSrSS^XZEZ - measured by wide-angle X-ray diffraction Ch^jjjj"^ 
to be n the range of to 6 nm is preferable for the carbon fiber used in the present mvention. If the crystalline size is 
ess than inm the conductivity of the carbon fiber is low. because carbonization or graphitization of the carbon fiber 
fno sufficient' Therefore, the conductivity of the molded products will also be low. On the other hand. .f the crystalline 
1 i s Tore than 6 nm the carbon fiber is weak and easy to break although the carbonization or graphifization of the 

50 carbon fiber is sufficien and so the conductivity of the carbon fiber itself is good. Consequently, the length of the carbon 
ZTi n th Tm Jded products is short, and. thus, good conductivity of the molded products cannot be expected. The 

S .8 to 2 8 nm" Measurement of Lc by wide-angle X-ray diffraction was performed according to the method de- 
scribed in available reference materials (Japan Society for the promotion of science, panel 117, carbon. 36 p 25 (1 963)). 
55 m02q The average diameter of a single fiber of component (B) is in the range of 1 to 20um Jhe diameter preferably 
ranges from 4 to 15 M m. more preferab.y from 5 to 11u m. and particularly preferably from 6 to Sum If the average 
dtameter o^a sing e fiber is less than 1„m. it is sometimes impossible to obtain the desired mechanica propert.es. On 
ZZZ hand ifthe average diameter of a single fiber is more than 20um. it is sometimes imposs.ble to obta.n the 
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^ST^S^X^ (B) ran g es preferab.y fro. 6 to 40% by weight, more *om » lo 37% by 

weigh particularly preferably from 12 to 35% by weight and most preferably from 17 to 32% by we.ght. If the amoun 
of^mponen (B) is less than 6% by weight, it is sometimes impossible to get specifically des.red conduc w.ty or 
l£S£i£«m. On the other hand. I the amount of the oomponent (B) is more than 40% 
becomes bad because flowabi.ity when mo.ding deteriorates, and the outer surface appearance of the molded products 

mS? te Any thermosetting resin or thermoplastic resin can be used for component (C) of the present invention. Ther- 
moZic re" "Is more preferable because the impact strength of the molded products therefrom .s _ good and the 
mowed products can be made by effective mo.ding process such as press molding and inject.on "old'ng- 
W0281 The thermosetting resin includes, for instance, unsaturated polyester, v.nyl ester, epoxy. phenol < esol type). 
S Limine P^fmide and the like, copolymers, modifications, and combinations thereof. Moreover, elastomer or 
rubber can be added to the above thermosetting resin to improve the impact strength. 

0029 The thermoplastic resin includes, for instance, polyesters such as polyethylene terephthaiate PET) poly- 
Ene terephthaiate (PBT), po.ytrimethy.ene terephthaiate (PTT). polyethylene naphthalate (PEN), hqu.d crystalline 
poSer anc^ I the Hke polyo.efines such as po.yethylene (PE). polypropylene (PP), polybuty.ene and the hke; styremc 
SrShrCnXene (POM); po.yamide (PA); polycarbonate (PC); polymethylenemethacrylate (PMMA); po.yv.ny. 
ZSSRk* po.y(pheny.enesulfide) (PPS); po.ypheny.ene ether (PPE); modified PPE; P*"**^ PO^.de- 
Z de (PAD- pofcetherimide (PEI); polysulfone (PSU); polyethersulfone; polyketone (PK); polyetherketone (PEK). pol- 
« hlSherkSone (PEEK); po.ye herketoneketone (PEKK); po.yarylate (PAR); po.yethernitri.e (PEN); phenol.c res.n; 
SSSSZSM^mA as po.ytetraf.uoroethy.ene; thermop.astic elastomers such as P*-^** 
MyoSnType polyurethane type, popster type, po^amide type, po.ybutadiene type, po.y.soprene JJJ^gJ 
and the Hke copolymers thereof; modifications thereof; and combinations thereof. Moreover, other elastomer or rubber 
can be added to the above thermoplastic resin to improve the impact strength. rocictanre a , , eafit one 

25 [0030] Fromtheaspectofmo.dabi.ity,economica^ 

the rmoplastic resin se.ected from the group consisting of po.yamide resin, styremc res.n. polycarbonate 
nvlene ether resin polyester resin, poly (phenylene sulfide) resin, polyolefin resin, liquid crystal resin, phenol.c res.n 
and earner J prefeLle. At least one thermoplastic resin selected from the group consisting of po.yam.de res.n, 
pofycan^afe Jesin styrenic resin and po.yester resin is particu.arty preferab.e. Particu.ar.y. if phenol.c ream ,s jomtly 
30 used improvements in moldability can be achieved. 

fo03% ™e polyamide resin is a polymer with main components comprised of amino ac.d, lactam or famine and 
dicarboxylic acid The specific examples are amino acids such as 6-aminocapro.c ac.d. 1 -* m ™"«* c ™™™*- 
iSLododecanoic acid, p-aminomethy.benzoic acid and the .ike; .actams such ase-capro ac -'auro'a ctam and 
the like- aliphatic alicyclic or aromatic diamines such as tetramethylenediamine. hexamethy !ened.am.ne, 2-rnethyl- 
35 -JliSSeSdtemli. nonamethylenediamine. undecamethy.enediamine. dodecamethylened.am.ne . 2.2-4*- 
m^hXxame^ 

famine paraxylylenediamine. 1.3-bis(aminomethyl)cyclohexane, 1 ,4-bis(am.nomethyl)cyclohexane l^mino- 

ane 2 2-bis(4-aminocyclohexyl)propane. bis(aminopropyl)piperazine. am.noethylp.peraz.ne and the like, al.phat.c, al 
fcvciic or aromatic dicarboxylic acid such as adipic acid, suberic acid, azelaic acid, sebaac ac.d, dodecano.c d.ac.d. 
tSSS^SSSSS'M. 2-ch.orotereph«ha.ic acid, 2-me,hy.terephtha.ic acid. ^^^^ 
d!um-su.foisophtha.ic acid. 2.6-oaphtha.ene dicarboxylic acid, hexahydroterephthal.c acd. hexahydro.sophthal.c acd 
and the like* and homopolymers or copolymer derived therefrom. 

[0032] The specific examples of useful po.yamide resins are polycaproamide (Nylon 6). ^^^SSZ 
mide Nylon 66). po.ytetramethyleneadipamide (Nylon 46), po.yhexamethylenesebacam.de (Nyton 6i1C£ polyhexam- 
Senedodecamide (Nylon 612). polyundecaneamide. polydodecaneamide. hexamethylenead.pam.de/caproam.de 
copole^ ^Ny™ 66/6), ^"caproamide/hexamethy.eneterephthalamide copolymer (Nylon 6/6T). hexamethy.enead.pa- 
mSeExamemylenete ephiha.amide copolymer (Nylon 66/6T) hexamethyleneadipamide/hexamethylene.sophtha.a- 
mde^opo^r y N y ,on66/6.),hexamem 
Zeeihexamethyleneadipamide^ 

Todecanamide copolymer (Nylon 6T/12), hexamethyleneadipamide/hexamethyleneterephthalam.de/ hexamethyle- 

temXIen^ephthLmide copo.yme, po.ymetaxyly.enediamineadipamide (Nylon MXD6). po.ynonamethy.ene- 

55 ^^S^^^^ ~ equal to or above 150'C is used good modu, 0 s 
mpact strength, heat resistance or chemica. resistance can be obtained. When po.yam.de ,s used for produc ion o 
membeJ for e.ectronic devices, however, po.yamide copo.ymer resin is preferab.e because ,t enab.es product.cn of 
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molded products having complex shape with .arge projected area and small th.ckness w.th re cheap mo.d t ng 

process such as injection molding. Among these, the following polyamide res.ns are •P-ibcuta rly pref erable ^ 
r00341 Nylon 66/6I/6 copolymer comprising at least (pal ) hexamethylenediam.nead.pam.de un>t. (pa2) hexamethyl- 
en^sophSamide unit and <pa3) carpoamide unit is preferably used. The preferred ratio of the amounte of those un.ts 
fs aTSows: component (pal ) being in the range of 60 to 90% by weight and particularly 70 to 85% by weight; com- 
ponent (pa2) being in the range of 1 to 30% by weight and particulady 10 to 20% by we.ght; "^W^JSS 
being in the range of 1 to 10% by weight and particularly 3 to 8% by weight. The preferred rat.o of(pa2/<pa3) by we.ght 
ranges from 1 to 30 and particularly 1.5 to 20. If such preferred polyamide resins are used, the results are 9°^c°n 
ducLty smoothness in the welding portion (weld line) at which the resins are contacted w.th one another when mold.ng 
the composition, and good mechanical properties (especially, modulus) under moistunzed cond.t.on 
[0035] The smoothness of the welding portion is desired for increased productivity and economical effic.ency when 
producing molded products such as member for e.ectronic devices. The good mechanical propert.es under mortu^ 
condition are desired for practical strength when the molded products are used under adverse condrt.ons such as h,gh 

S^I^SX- of the molecular weigh, of the po.yamide resins in view of mo.dab, ? is relate vis- 
cosity, and relative viscosity measured in sulfuric acid of 1% concentration at 25°C is from 1.5 to 2.5 and preferably 
from 2.0 to 2.3. although not particularly limited thereto. 

[0037] The polyamide copolymer resins are preferably used as main component of component (C). However. ,t can 

be combined with other polyamide resins according to particular demand. 

[0038] According to the need for improvement of characteristic features such as .mpact res.stance, one or more 
selected from the group consisting of maleic anhydride modified olefin P o| y mers : s ^ ren,c | co P olyme ^ S "f a ^ p A . B ^ 
and ASA; and elastomers such as polyesterpolyether elastomer and polyesterpo.yester elastomer can be added to 

r0O3^' y Tne e sIyren^ resins used in the present invention include a unit generated from styrene and/or derivatives 
thereof (sometimes referred to as aromatic vinyl monomers, as a whole). 

[0040] Such styrenic resins include styrenic (co)polymer and rubber reinforced styremc (co)polymer. The sfyremc 
copolymer includes polymer generated from one or more aromatic vinyl monomers, and copolymer generated from 
one c /more aromatic vinyl monomers and one or more monomers that are copo.ymerizable w,th the 
monomers. The rubber reinforced styrenic (co)polymer includes (co)polymer compr.s.ng styrene monomer grafted to 
the rubbery polymer and (co)polymer comprising styrene monomer not grafted to the rubbery polymer. 
[0041] The preferred styrenic resin of the present invention includes styrenic polymer such as PS (polystyrene), 
ubber reinforced styrenic polymer such as HIPS (high-impact polystyrene), styrenic copolymer such as AS (acrylon,- 
trile/sty ene Copolymer), rubber reinforced styrenic copolymer such as AES (acrylonitrile/ethylene-propylene-uncon- 

butadiene/styrene copolymer), ASA (acrylonitrile/ styrene/acrylic rubber copolymer). Among mese. st V™*™" ««* 
as PS (polystyrene), styrenic copolymer such as AS (acrylonitrile/styrene copolymer), ABS (acrylon.tnle/butad.ene/ 
styrene copolymer) and ASA (acrylonitrile/styrene/acrylic rubber copolymer) are more preferable 
[0042] The polycarbonate resin used in the present invention includes aromat.c polycarbonate, al.phat.c polycar- 
bonate, alicyclic polycarbonate and aromatic-aliphatic polycarbonate. Among these, aromat.c polycarbonate .s pref- 

ro r 043] The aromatic polycarbonate resin is polymer or copolymer obtained by reacting carbonate precursor with 
aromatic hydroxy compound or small amount of polyhydroxy compound and the aromatic hydroxy compound. The 
ZZTiXSuang aromatic polycarbonate resin is not particularly limited and includes the wide.y known phosgene 

method and transesterfication method. 

[0044] The aromatic hydroxy compound includes 2,2-bis(4-hydroxyphenyl)propane (generally called as brsphenol 
A), 2 ,2-bis(4-hydroxyphenyl)methane, 1 ,1-bis(4-hydroxyphenyl)ethane. 1 .1-bis(4-hydroxyphenyl)cyclohexane. 2 2-b,s 
(4-hydroxy-3,5-dimethylpheny.)propane. 2.2-bis(4-hydroxy-3,5-dibromophenyl)propane. 2,2-b,s ("yd^y-3-me hy - 
phney.)propane, bis(4-hydroxypheny.)sulfide, bis(4-hydroxy-pheny.)su.fone. hydroqumone resorc.no I 4.6^hyl- 
2 4 6-tn(4-hydroxyphenyl) heptene. 2,4,6-dimethyl-2,4,6-tri(4-hydroxyphenyl)heptane, 2.6-d.methy -2 4 .6-tn(4-hy- 
drcxyphenyl)heptene, I'j.S-tri^-hydroxyphneyObenzene. 1 ,1 .1-tri(4-hydroxyphenyl) ethane. S^f**™^ 
oxyindole. 5-chloro-3.3-bis(4-hydroxyaryl)oxyindo.e, 5.7-dichloro-3,3-bis(4-hydroxyaryl)oxy.ndo.e • 5-brome-3 k3-b,s 
°4 -hydroxyaryl) oxyindole and the like. Two or more of these can be combined. Among these, b.s(4-hydroxyphenyl) 
alkane is preferable, and bisphenol A is particularly preferable. 

tSZ In order to provide flame retardancy. the aromatic dihydroxy compound to which is bonded at least one sulfomc 
acid tetraalkylphosphonium or an oligomer or polymer having a si.oxane structure, containing a phenohc hydroxy group 

at both ends can be used. , xt _ ... . . c „ rt 

[0046] For the carbonate precursor, carbonylhalide, carbonate ester or haloformate and the like can be used. Spe- 
cifically, phosgene, diphenylcarbonate and the like can be used. 
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rnn,m The molecular weight of the polycarbonate resin ranges preferably from 14,000 to 30.000, more preferably 
mm « 000 to 28 000 and pin iculariy preferably from 16,000 to 26.000 measured by viscosity average molecular 
S n v^c^Sii^ropertiel of the moloed products and mo.dabi.it, 

lecular weight is calculated from the solution viscosity measured at a temperature of 25 C usmg a 0.7 g carbonate 

chemical formula below (wherein. R, is a C1-C3 lower alky., and R 2 and R 3 are each hydrogen or a Cl -C 3 lower a.kyl) 
in a main chain. Any homopolymer. copolymer or graft polymer can be used. 
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mnaoi Soecificallv doIv<2 6-dimethyM ,4-phenylene)ether. poly(2,6-diethyl-1 ,4-pheneylene)ether. poly(2.6^ipro- 
pTl lphe P n"en" y*Z ^and pot(2 Ve.hy.-6 ethyl-1 .4-pheny.ene)ether and the like can be used. Among these, po^ 

SST TrTJlCnLZS^o^ method of modifying polypheny.enether. Well-known edification meth 
ods TL [ as me^ng'and blending polypheny.enether resin with unsaturated aliphatic carboxyfic acd or anhydnde 

mln C TUelZLr resin used in the present invention includes polycondensation products of dicarboxylic acid 
Lnd olcoT ri? opened polymer of cyclic lactone, polycondensation product of hydroxycarboxyLc acd and poly- 
HoS^^SSrf sic acid and glycol, and specifically includes polyethylene terephthalate resin, polypro- 
S.en terephtha^e resin, poly butylene terephtha.ate resin, polyethylene ^ 
KtSS*pS>uVene naSthalate resin, polycyclohexanedimethylene terephthalate res.n po.yethyle ^ 

;0052r r Th C e'po.y(pheny.enesu,fide) resin used in the present invention is a polymer that contains a. least 70% by 
mole and preferably at least 90% by mole of the unit represented by the follow,ng chemical formula. 
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[0053] Also, it is possible to constitute less than 30% of the unit with the structural unit represented in the following 
chemical formulas. 
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[00541 Although there is no particular limitation on the melt viscosity of these PPS resin provided that melt blending 
is possible, it preferably ranges from 10 to 50.000 poise (300°C, shear rate 1 .000/sec) and particularly preferably from 

10 to 5.000 poise. ,. . , , . 

[0055] Polyolefine resin such as polyethylene and polypropylene; and liquid crystal polymers such as l.quid crystal 

polyester polymer can be preferably used. 

[0056] To improve flame retardancy. moldability and outer surface appearance of the carbon fiber reinforced resin 
composition of the present invention, it is preferable to blend the resin with a phenolic resin. The phenohc resin is one 
prepared by homopolymerzing or copolymerizing components containing at least phenolic hydroxyl group. For exam- 
ple phenolic resin (phenolnovolak. cresolnovolak, octylphenol. phenylphenol, naphtholnovolak. phenolaralkyl. naph- 
thoiaralkyl phenolresol and the like) or modified phenolic resin (alkylbenzene modified (especially, xylene modified) 
phenolic resin, cashew modified phenolic resin, terpene modified phenolic resin and the like) can be included. In view 
of flame retardancy, the preferred phenolic polymer includes phenolnovolak resin, phenolaralkyl resin and the like. 
When large amounts of component (B) are used, however, it is preferable to combine the following phenolic resin in 
view of moldability or outer surface appearance. 

[0057] The phenolic resin is prepared by condensation reaction of a phenol or a substitute denvat.ve thereof (pre- 
cursor a) and a hydrocarbon having two double bonds (precursor b). A phenol substituted with 1 to 3 groups selected 
from alkyl halogen and hydroxyl at the benzene nucleus is preferably used for precursor a. Specifically, cresol. xylenol. 
ethylphen'ol butylphenol, t-butylphenol. nonylphenol. 3.4.5-trimethylphenol. chlorophenol. bromophenol.-chlorocresol, 
hydroquinone. resorcinol, orcinol and the like can be used. One or at least two of these can be combined. Particularly, 
phenol and cresol are preferably used. 

[0058] Aliphatic hydrocarbons such as butadiene, isoprene, pentadiene, and hexad.ene; ai.cyclic hydrocarbons such 
as cyclohexadiene. vinylcyclohexene. cycloheptadiene, cyclooctadiene. 2.5-norbomadiene. tetrahydroindene, d.cy- 
clopentadiene. monocyclic monoterpene (e.g. dipentene, limonone. terpinolene. terpinene and phellandrene). dicychc 
sesquiterpene (e.g. cadinene. selinene and caryophyllene) and the like can be used for precursor b. One or at least 
two of these can be combined. Particularly, monocyclic monoterpene and dicyclopentadiene are preferably used. 
[0059] The amount of phenolic polymerto be added ranges-preferably from 0.1 to 10% by weight and more preferably 
from 1 to 8% by weight based on 100% by weight of the carbon fiber reinforced resin composition. 
[0060] The carbon fiber resin composition of the present invention can contain additional component (D), carbon 
powder to obtain higher conductivity in an easy and cheap manner. The amount of component (D) to be added ranges 
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preferably from 0.1 to 10% by weight and more preferably from 1 to 8% by weight based on 100% by weight of the 
resin composition in view of mechanical properties. The carbon powder includes, for example, carbon black, amorphous 
carbon powder, natural graphite powder, artificial graphite powder, expanded graphite powder, pitch micro bead and 
the like. Among these, carbon black is preferable because it is cheap and efficient. For the carbon black, furnish black, 
5 acetylene black, thermal black, channel black and the like can be used, and mixtures containing at least two thereof 
can also be used. In collective view of supply, price and ability to provide conductivity, the furnish black is preferable, 
which is cheap and effective at providing conductivity. 

[0061] The preferred carbon black to achieve the balance between good conductivity and moldability has a specific 
raman spectrum, as suggested in Japanese Patent Laid-open publication No. (Hei) 11-329078. The ratio of the raman 

w scattering intensity (12/11), with 11 being the maximum value of raman band occurring near the raman shift of 1360 
cm- 1 and 12 being the minimum value of raman band occurring near the raman shift of 1500 cm-1, ranges preferably 
from 0.4 to 0.8, more preferably from 0.50 to 0.77, and particularly preferably from 0.65 to 0.75. 
[0062] The 12/11 relates to the scattering intensity of raman band after baseline correction. The baseline correction 
is to correct slope of the measured baseline after a linear approximation of the baseline of the raman spectrum in the 

15 raman shift range of 600 to 2200 cm- 1 and then using the distance from the approximated line as the raman scattering 
intensity. 

[0063] If the maximum value of raman band occurring near the raman shift of 1580 cm- 1 is taken as 13, the standard 
for the more preferred carbon black is that the intensity ratio of the raman band 11 :12:I3 ranges from 1 .3 to 2.1 :1 :1 .5 to 
2.5, more preferably from 1 .3 to 2.0:1 :1 .5 to 2.2, and particularly preferably from 1 .40 to 1 .55:1 :1 .60 to 1 .75. 
20 [0064] The raman spectrum is measured by laser raman spectroscopy. The raman spectrum can be measured from 
the carbon black before blended to resin or the carbon black separated from the resin composition or the molded 
products therefrom. The former can be measured by macro raman (the diameter of laser spot is about 100um), and 
the latter can by measured by microscopic raman (the diameter of laser spot is about 5jim). 

[0065] The carbon fiber resin composition of the present invention can contain additional component (E), flame re- 
25 tardant to obtain high flame retardancy. The amount to be added ranges preferably from 0.1 to 30% by weight and 
more preferably from 1 to 10% by weight based on 100% by weight of the resin composition in view of balance of 
mechanical properties. 

[0066] For the flame retardant used in the present invention, well-known flame retardants such as halogen type, 
phosphorus type, inorganic type and the like can be used without particular limitation. Specifically, halogene type flame 

30 retardants such as tetrabromobisphenol A (TBBA) and the derivatives thereof, decabromodiphenylether, bromobisphe- 
nol S, tetrabromophthalic anhydride, polydibromophenylene oxide, hexabromocyclododecane, ethylenebistetrab- 
romophthalimide, ethylenebisdibromo-norborandicarboxylimide, pentabromodiphenyloxide, tetradecabromodiphe- 
noxybenzene, hexabromobenzene, brominated epoxy type flame retardant, brominated polycarbonate type flame re- 
tardant, brominated polyphenyleneoxide type flame retardant, brominated styrene type flame retardant and the like; 

35 phosphorus type flame retardants such as red phosphorus, alkylphosphate, allylphosphate, alkylallylphosphate, con- 
densed aromatic phosphoric ester, chlorophosphonitrile derivative, phosphoamide type flame retardant, vinylphospho- 
nate, allylphosphonate, polyphosphoric acid ammonium, polyphosphoric acid amide, melamine phosphate and the 
like; inorganic flame retardants such as magnesium hydroxide, aluminum hydroxide, barium hydroxide, zinc hydroxide, 
aluminum hydroxide, zirconium hydroxide, antimony trioxide, antimony tetraoxide. antimony pentaoxide, tin oxide, tin 

40 hydroxide, zirconium oxide, molybdenum oxide, titanium oxide, manganese oxide, cobalt oxide, ferrous oxide, ferric 
oxide, cuprous oxide, cupric oxide, zinc oxide, cadmium oxide, ammonium molybdate, zinc borate, barium borate, 
calcium aluminate, clay and the like; nitrogen-containing types such as cyanuric acid, isocyanuric acid, melamine, 
melamine cyanurate, guanidine nitrate and the like; flame retardant aids such as silicone type polymer (polyorganosi- 
loxane and the like), polytetrafluoroethylene (PTFE) and the like can be used. The phosphorus type flame retardant, 

45 particularly red phosphorus, is preferable in view of flame retardancy (content of phosphorus) and environmental com- 
patibility. 

[0067] Because the red phosphorus, used in the red phosphorus type flame retardant, is unstable by itself, and has 
a tendency to react with water slowly or to be dissolved in water slowly, it is preferable to treat the red phosphorous to 
prevent these problems. The treatment of the red phosphorus includes making red phosphorous particulate without 

50 destroying their surface so that they do not have high reactivity with water or oxygen on their surface as suggested in 
U.S. Patent No. 5,292,494. The treatment may also include catalytically inhibiting oxidation of the red phosphorus by 
adding small amounts of aluminum hydroxide or magnesium hydroxide to the red phosphorus; inhibiting contact of the 
red phosphorous with water by coating the red phosphorus with paraffin or wax; stabilizing the red phosphorous by 
mixing it with e-carpolactam or trioxane; stabilizing the red phosphorous by coating the red phosphorus with thermo- 

55 setting resin such as phenolic type resin, melamine type resin, epoxy type resin, unsaturated polyester type resin and 
the like; stabilizing the red phosphorous by treating the red phosphorus with the solutions of metal salt, such as cupper, 
nickel, silver, iron, aluminum and titanium and depositing metal phosphorus compound on the surface of the red phos- 
phorus; coating the red phosphorus with aluminum hydroxide, magnesium hydroxide, titanium hydroxide, zinc hydrox- 
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ide and the like; stabilizing the red phosphorous by electrons plating the surface of red 

nickel, manganese, tin and the .ike; and combining the above treatments. Among these, it ,s preferatte Mtontf 
phosphorous particulate without destroying their surface, to stabi.ize the red phosphorous by ^^^^^ 
rus with thermosetting resins such as phenolic type resin, melamine type resin, epoxy type res,n. unsaturated polyester 

5 I res and the like or to combine these two treatments. The most preferred treatment method .s to make red 
p y h P osph ZZ parties without destroying their surface so that they do no. have high reactivity with water or oxygen 
on their surface, fotlowed by catalytically inhibiting oxidation of the red phosphorus by adding smafi 
num hydroxide or magnesium hydroxide to the red phosphorus, and. subsequently, to coat the red phosphorous w.th 
phenolic thermosetting resin or epoxy thermosetting resin. , - ( ^ ra « nnn fthprp 

10 E,068] For flame retardancy, mechanical properties and inhibition of chemica. and physical <f enorahon the re- 
Lled red phosphorus due to crash of the red phosphorous, the average part.c.e diameter of the red Phosphorus 
Store blended to the resin composition ranges preferably from 0.01 to 35 pm and particularly preferably from 0.1 to 

W0S9] The average diameter of the red phosphorus can be measured with a general laser diffraction particle ^size 
,s distribution measurement instrument. There are two types of particle size distribution ^asurement 

method and dry method, and either type can be used. In the wet method, water can be used as a dispers.on solver. 
Sfthe red phosphorus, in this case, the surface of the red phosphorus can be treated with an alcohol or a .neutral 
detergent. Furthermore, phosphoric acid salt such as sodium hexametaphosphate and sod.um pyrophosphate can be 

WW For^me^tardancy. mechanical properties, and recycling of the red phosphorus, the amounts of red phos- 
phorous with a diameter not less than 75 pm is preferably not more than 10 % by weight more preferaWy not more 
than 8 % by weight, and particularly preferably not more than 5 % by weight. The closer to 0% by we.ght the more 

preferable, though there is no limitation to the lower limit. , 

2,071] The content of the red phosphorus with diameter not less than 75 pm can be ™asured by f. t-ng wrth mesh 
of 75pm The content of the red phosphorus with diameter not less than 75 pm can be calculated from A/100 x 100 
W. wherein A (g) is the filtered amount of the red phosphorous when 100 g of red phosphorous ,s filtered w.th the 

[u072)° f Fofmoisture resistance, mechanical properties, conductivity and recycling of the molded products conduc- 
ivUy of the red phosphorous extracted from hot water is measured. The values are measured by conduct™* meter 
Yokokawa Electric Corporation, personal SC meter] from 250 ml of diluted water. The dilution is prepared^ b -the 
following process: 100 ml of pure water is added to 5 g of the red phosphorus. The solut.cn extracted, for example 
n aZtoclave. at a temperature of 121°C for 100 hours. Then, the red phosphorus is filtered from the solution and 
Ihe filtrate is diluted to 250 ml. Conductivity ranges preferably from 0.1 to 1000 pS/cm. more preferably from 0.1 to 800 
uS/cm and particularly preferably from 0.1 to 500 pS/cm. - 
35 fo073] The following additives can be added to the carbon fiber reinforced resin composition o the present invenbon 
according to the need in demand: filler (mica, talc, kaoline. sericite. benton.te, xonotl.te. sep.olite. smectite, montmo- 
riZ Z wol.as.onite. silica, calcium carbonate, glass bead, glass flake, glass micro balloon ; ^-^ZlJaS" 
phide. titanium oxide, zinc oxide, antimony oxide, calcium polyphosphate, graphite, barium sulfate.^ ™9nesmm sul ate 
zinc borate, calcium borate, aluminum borate whisker, potassium titanate whisker, polymer and [^^^^ 
providing agent (metallic type, metal oxide type and the like), flame retardant. flame retardant a.d. pigment dye lubri- 
cant reS^^^ compat bi.izer. dispersant. crystallizing agent (mica, talc, kaoline and the like), p.ast.czer (phos- 
Dha e esfo?and the like) thermal stabilizer, antioxidant, antico.oring agent. UV absorbent, flowability modifier, foaming 
dust controlling agent, deodorant, sliding modifier, antistatic agent (polyetheresteram.de 
and the like) and the like. Two or more additives can be combined. e ... 

[0074] The filler can be swelled by a swelling agent or can be organified by an organification agent The swell ng 
agent and organification agent are not particularly limited, if they can swell or organify a filler by ,on exchange and the 
Sfe and include e-caprolactam. 1 2-aminododecanoic acid. 1 2-amino.auric acid. alky, ammonium salt (dimethyldia.ky- 
ammonium and the like). Particularly, it is preferred that po.yamide resin, polypropylene res.n. polyace al resin. scenic 
resin, acrylic resin and the like are blended with the swelled or organified filler (preferab ly ™ n,m ° n, '°;^ 
ponite.hectoritesepiolite.clay). because the nano-order distribution of the filler is possible, thereby, the desired property 
can be obtained with small amounts. 

[0075] The carbon fiber reinforced resin composition or molding compounds of the present, nven^on can be molded 
with a molding process, such as injection molding (injection compression molding gas assisted .nject.on moling £sert 
molding and the like), blow molding, rotary molding, extrusion molding, press mold.ng. transfer mold.ng (RTM molding 
RIM molding SCRIMP molding and the like), filament winding molding, autoclave mold.ng, hand lay-up mold.ng and 
the like. The most preferred molding process among these is the injection molding with high productivity. 
[0076] As a form of the molding compounds used in above molding process, pellet, stampab e sheet prepreg SMC 
BMC and the like can be used. The most preferred form of the molding compounds is a pellet, which ,s used in the 
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injection molding 



2ST The Set generally defines a materia, obtained from the following process: me.t blending the desired I amount 

Ed7B£^ 

ZX^bsSS, equ,, S" includ.o Ms. ..^ « almost W .l Stop, of c^s-^ion « I ft. ««d»B«£ 
£^Ln££A ex*, action, il cen be regarded M M Man « ccmpon.nl M . eotol to 

" 2«7"f2 SS,Tr«t prel.rred mm .« p»«d molding compounds toe. . pomp,.* 

itnitureB thai has a. main component compon.nl (B) and smu.lore A lhat ha, as man component component (C) 

Shilm mldKn.as ot » ooahng-tw, or stro.tore A ol tho aho.th atntctor. is .dual to or .boa. 0.1 mm. the 

S, com^a?en S P =. pnatetat,,, ttom 1 to SO mm. mo-e pnMerebr, .torn 2 to 20 mm pemo.t.Hy profcmMy 
™m 3 to 12 mm. It in pr.ler.bl. to control tho thickness ol tho pillorod mdd.ng compound, to to from 1 to 10 mm tor 

X^prTZ^^ 

~n=^r«rr^=.= 

of finer bundles risinq up to the surface or some portions of the molded products expanding. 
iSS A p'efen^d embodiment of a process for preparing the pil.ared molding compounds * > illustrated ^.ow. 
OOsS The pillared molding compounds are prepared by at least the following first and second Presses. 
S The fi st process includes a strandification process comprising melting component A contain.ng at east com- 
oonents (A) and/or (C) an passing at least continuous component (B) therethrough to obtain continuous strand. The 
%Z££ £Z component (A) I not particularly limited and can use any machines which can , provide m lech an.ca 

under the molten state and transfer the molten resin, such as a single extruder, tw.n extruder and the ^ke 
S^Tto lmavenX to remove volatile components of low molecular weight or water vapor generated ,n th.s 
mfi rLnrtinn I is also oreferable to install a plurality of hoppers to add components dunng the melt blending. 

^ne^T^es can be blended by melting them simultaneously with or separately from com- 
ponent A and then passing at least continuous (B) therethrough; or by impregnating them into continuous component 

is ob^ed TNs composite is passed through the molten component A in the first process to give a continuous strand, 
55 which is cooled and cut in the second process. ID > «„j »r\ the time 

romoi Bv going through this preliminary process and forming the composite of components (B) and (C), the time 
oenod fof thHuand fication of the first process can be shortened, and the productivity of the molding compounds 
Z^iZZZESS:. the preliminary process is preferable as a process for preparing the mold.ng compounds 
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of the present invention. 

[00911 The above pellet or long fiber pellet of the present invention can be used solely or combined w.th one another 
as molding compounds. They can be mixed with other molding compounds such as other thermoplastic res.n. add.t.ve 
and master pellet. They also can be mixed with scraps of molded products or various recycled resins. 
5 [0092] Because the molded products of the present invention has good conductivity, the volume res.st.vrty of the 
molded products is preferably equal to or less than 50n-cm. If the volume resistivity of the molded products .s greater 
than 50n cm. they may sometimes not be used for application as electromagnetic shielding mater.al The volume 
resistivity of the molded products prepared from the molding compounds of the present invention is preferably equal 
to or less than 30ft cm, more preferably equal to or less than 10Qcm, particularly preferably equal to or less than 
10 ion-cm, and most preferably equal to or less than 0.4Qcm. 

[00931 It is preferable that the molded products of the present invention have h.gh flame retardancy as well as good 
conductivity when the molded products are mixed with a flame retardant. It is preferable that the flame retardancy .s 
equal to or better than V-0 under the standard of UL-94 when a specimen with a thickness of not more than 1.6 mm 
(1/16 inch) is tested. It is more preferable that the flame retardancy is equal to or better than V-0 under the standard 
15 of UL-94 when a specimen with a thickness of not more than 0.8 mm (1/32 inch) is tested. 

[00941 The flame retardancy of V-0 means flame retardancy satisfying the condition of V-0 defined in the standard 
of UL-94 (combustion test in U.S. designed by Underwriters Laboratories Inc.) with combustion time, occurrence of 
combustion occurrence of drip of burned resin, combustibility of the drip and the like. A flame retardancy better than 
V-0 means flame retardancy showing shorter combustion time than the value defined in V-0 condition or satisfying the 
20 condition of V-0 when a specimen of which thickness is thinner than that of the specimen of V-0 is tested. 

[0095] It is preferable that the molded products of the present invention have improved mechan.cal properties, par- 
ticulariy high modulus to protect internal electric circuit or internal member because they are used m member of a thin 
electronic devices. The flexural modulus of the molded products is preferably equal to or greater than 8 GPa. more 
preferably equal to or greater than 1 0 GPa. and particularly preferably equal to or greaterthan 1 2 GPa ^aipnmn 
25 with the thickness of 6.4 mm and the moisture content of equal to or less than 0.05% is tested under ASTM D790. 
[0096] The molded products of the present invention are expected to be exposed to harsh conditions when they are 
used in member of portable electronic devices. Especially, when polyamide resin is used for the molded products, the 
products have an intrinsic problem of decrease of modulus by moisture absorption. Therefore, for practical mechan.cal 
properties the flexural modulus of the molded products is preferably equal to or greater than 6 GPa. more preferably 
30 equal to or greater than 8 GPa. and particularly preferably equal to or greater than 10 GPa when a specimen of 6_4 
mm thickness hygroscopically treated in constant temperature and constant-moistened bath of 65«C and 95 /„ RH for 
100 hours is tested under ASTM D790. Wherein, the moisture content depends on the amount of po yam.de n me 
resin composition and generally ranges from 0.5 to 4% by weight. When the specimen is hygroscopicafly treated, the 
specimens must not contact with other specimens in the constant temperature and constant-moistened bath. After the 
35 hygroscopic treatment, the specimen is kept at room temperature for at least 10 hours so that the moisture content 
remains. After that, the specimen is used to measure the flexural modulus. 

[0097] The molded products of the present invention can be used in member of electronic devices, office automaton 
devices precision devices, and automobiles requiring good conductivity and mechanical properties (particularly, mod- 
ulus) wherein the member is, for instance, a casing, a cover and a tray. Particularly, the molded products of the present 
40 invention can be used for casings of portable electronic devices requiring especially good conductivity (electromagnetic 
shielding property) and high strength (light weight). More specifically, the molded products of the present invention can 
be used forcasings of .arge scale display, notebook computers, mobile telephones. PHS. PDA (persona, data ass.stant 
such as electronic pocketbook). video cameras, video cameras, digital still cameras, portable radio cassette players. 

45 [0098] rS Beca^sethe molded products of the present invention have good conductivity, electric charge/discharge re- 
sistance can be provided to the products with the addition of small amounts of carbon fiber. Therefore, they are usefu 
for devices or parts requiring such properties, for example. IC trays, baskets for silicon wafer transfer and parts of 
entertainment machines having electric circuits such as slot machines (Chassis) and the like. 

[0099] It is advantageous for the fiber of component (B) contained in the molded products used in the above-men- 
50 tioned application to be long to achieve good conductivity and mechanical properties. The number average fiber length 
is preferably at least 200pm. more preferably at least 250pm. and particularly preferably at least 300u m. The number 
average fiber length is calculated by measuring the length of at least 400 components (B) extracted from the molded 
products, with an optical microscope or scanning electronic microscope to a 1pm degree and averag.ng the measure- 
ments Component (B) can be extracted, for example, by extracting a portion of the molded product, d.ssolving it in a 
55 solvent that dissolves component (C) but not (B) for a period, and separating (B) with a known process such as fil tenng 
after component (C) is sufficiently dissolved. The extracted portion should not be taken from and around weld lines, 
qates, ribs, hinges and edges of the molded products. . , 

[0100] It is preferable that the molded products have good electromagnetic shielding property. The electromagnet.c 
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shielding property at the frequency of 1 GHz. determined with KEC method, is preferably at least 30 dB. more preferably 
at least 33 dB. and particularly preferably at least 35 dB. 

l0 101l The KEC method measures the degree of attenuation of the electronic wave w.th a ^^m analyze after 
a specimen is inserted into a shield box that is symmetrically divided up and down or nght 
5 Guidelines of KEC Corporation. The specimen can be taken from a plate of appropnate area extracted from a port,on 
jS^d^oouct having electromagnetic shie.ding property or from molded product made from a plat* jo apprc. 
priate area obtained from the thermoplastic resin composition or mode, product under the same mo.d.ng cond.t.ons as 
the molded products having electromagnetic shielding property. 

10 Examples 

[01021 The present invention is more specifically illustrated by the following examples. Hereinafter. "%" in the mixing 
blending) ratios in examples and comparative examples means % by weight, unless otherwise 
[0103] The test items and procedures for the molded products composed of molding compounds or carbon fiber 
15 reinforced resin composition of the present invention are described below: 

[Test procedures to determine the characteristics of the carbon fiber reinforced resin composition] 



(1 ) Volume resistivity 

(0104] A specimen of width 12.7 mm x length 65 mm x thickness 2 mm was injection molded so Jhat a , gate is 
positioned at the edge of the width direction. A conductive paste (manufactured by Fuj.kurakase, Co Ltd Dotrte) was 
applied on the width x thickness surface of the molded specimen. After the conducive paste was suff.aent^ d^ ed. the 
specimen was measured under absolutely dried condition (moisture content of not more than 0.05% Jn , ^asurement 
the surface of the width x thickness was pressed to electrodes. The electrical resistance between the electrodes was 
mLsureS wtth a digital multimeter (manufactured by Advantes. Corporation. R6581) The , volume ™^ 
n-cm) was calculated by subtracting the contact resistance of the measuring devices jig and the ^ ^ ftom the above 
electrical resistance, multiplying with the applied area of the conductive paste, and divd.ng with the length of the 
specimen: In this measurement, 10 samples were measured and averaged. 

(2) Flexural modulus 

[0105] The flexural modulus (unit: GPa) was evaluated by the flexure test based on ASTM D7 '90 (^=1^ wherein 
L is d stance between spans and D is thickness). The plate thickness of the specimen was 6.4 mm (1/4 '"^The 
flexural modulus (d) was measured at the moisture content of not more than 0.05%. In this measurement, 5 samples 

were measured and averaged. _ . 

[0106] Also, the specimen was hygroscopically treated by standing in a constant temperature and constant-mois- 
tened bath at 65°C and 95% RH for 100 hours. The specimen was kept so that the hygroscopic state was maintained. 
The flexural modulus (w) was measured according to the above procedure. 

(3) Izod Impact strength 

[0107] The notched Izod impact strength of the molded products (unit: J/m) was evaluated based or . ASTM DM6. 
The thickness of the test specimen was 3.2 mm (1 IS inch). The Izod Impact strength test was performed at the mo.sture 
content of not more than 0.05%. In this measurement. 10 samples were measured and averaged. 

(4) Flame retardancy 

[0108] The flame retardancy was evaluated based on UL-94. The thickness of the tested specimen was 0.8 mm 
50 (1/32 inch). The specimen was obtained from injection molding with the film gate extended to a total length of the longer 
side direction of the specimen. 

[Test procedures to determine characteristics of molded products having electromagnetic shielding property] 

55 r01091 First model casing (3) for electronic devices represented in Figure 7 was molded and tested. The model 
S3 devices has an upper surface (4) of length (L) 190 mm x width (W) 155 mm and height (H) of 12 

mm with at least 70% of the thickness of the upper surface being about 1 .0 mm. Because the spec.men was molded 
with 8 gate points in the injection molding, the weld line (5) represented in Figure 7 was obta.ned. Among them, the 
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weld line positioned at the center of the upper surface had the maximum height. 

(5) Moldability 

[0110] Moldability (unit: MPa) was evaluated with the injection pressure measured when the model casing for elec- 
tronic devices was injection molded. The lower the injection pressure, the better the moldabilty. 

(6) Number average fiber length 

[011 1] About 1 g was cut from the upper surface of the model casing for electronic devices and dissolved in 100 cc 
of formic acid. The solution was left alone for 1 2 hours. After component (C) PA was absolutely dissolved, rt was filtered 
through filter paper. The filtered residue was observed with a microscope. The fiber length of 400 components (B), 
which was randomly extracted, was measured to calculate the number average fiber length. 

is (7) Electromagnetic shielding property 

[0112] Electromagnetic shielding property was tested with the KEC method (unit : dB). A portion of the center of the 
upper surface of the model casing (3) for electronic devices was cut to prepare a specimen of 120 mm x 12C I mm 
the test the specimen was made to absolutely dried state (moisture content of not more than 0.05%), four sides of the 
specimen were coated with the conductive paste (manufactured by Fujikurakasei Co., Ltd.. Dotite) and sufficiently 
dried The electromagnetic shielding property was measured at the frequency of 1GHz with a spectrum analyzer. The 
more the shielded electromagnetic waves, the better the electromagnetic shielding property. 
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(8) Outer surface appearance 



[011 3] The maximum height (Ry) in the measurement range (6) of the outer surface appearance of the model casing 
for electronic devices, represented in Figure 7. was evaluated based on JIS B0601 (unit: urn). The outer surface ap- 
pearance was evaluated at a region that did not contain the trace of a gate and rib and was perpendicular to the center 
weld line of the upper surface of the model casing for electronic devices at one point under the cond.bon of tes length 
30 of 3.00 mm and cut-off value of 0.25 mm. Surf Tester 301 manufactured by Mitutoyo Corporation was used as the test 
device The lesser the Ry value, the better the outer surface appearance. 

[0114]' Finally, the balance of the conductivity, the mechanical properties, the moldability and the outer surface ap- 
pearance in the above test items was synthetically assessed with a category of 5 states of OOO: excellent. OO: very 
oood. O: good. A: not good and X: bad. 
35 [01 1 5] Each component used in the examples and the comparative examples of the present invention are as follows: 

NTr^poTgrawn multi-layer nanotube manufactured by Hyperion Catalysis International, [average diameter of 
single fiber = about 1 5 nm] 

40 Component (B) .. . , . . ,. 

CF1 • Chopped fiber 48 (X8) manufactured by Zoltek Companies, Inc. [average diameter of single fiber - 7 urn] 
CF2: PAN type carbon fiber T700SC-12K manufactured by Toray Industries. Inc. [average diameter of single fiber 
= 7pm] 

Component (C) 

45 PC- Polycarbonate resin LEXAN 121R manufactured by Japan GE Plastics. 

PA1 - 3" Polyamide resins used in the present invention. The composition ratio and relative viscosity n r of the 
polyamide resins are shown in Table 1 . The polyamide resins were prepared as follows: 

The equimolar salt of hexamethylenediamine and adipic acid, the equimolar salt of hexamethylenediamine and 
isophthalic acid and e-caprolactam were added according to the weight ratio described in Table 1. The same 
so amount of pure water as that of the added total materials was added to the mixture. The reaction vessel was 

sufficiently purged with nitrogen and heated with stirring. While the pressure in the vessel was controlled up to 
20kg/cm2. the r , na | temperature was set to 270°C. The polymer, extruded with bath, was pelletized with a strand 
cutter. 

PA4- Nylon resin CM1 001 manufactured by Toray Industries, Inc. 
55 PA5: Polyamide 66 homopolymer prepared by polymerizing the equimolar salt of hexamethylenediamine and adipic 

acid according to the same procedure as that of PA1 to 4. 
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Table 1 





PA1 


PA2 


PA3 


PA4 


PA5 


Resin composition (% by weight) 












(pal ) equimolar salt of hexamethylenediamine and adipic acid 


76 


86 


90 


100 


0 


(pa2) equimolar salt of hexamethylene-diamine and isophthalic acid 


16 


4 


10 


0 


100 


(pa3) e-caprolactam 


8 


10 


0 


0 


0 


Ration of (pa2)/(pa3) by weight 


2.00 


0.40 








Relative viscosity redetermination of viscosity in 98% sulfuric acid) 


2.30 


2.30 


2.35 


2.35 


2.40 



PH: Terpen phenolic resin YP-90L manufactured by Yasuhara Chemical Co., Ltd. 
15 Component (D) 

CB: Carbon black [average particle diameter = 55 nm, DBP absorbing amount = 130 cmS/IOOg] 
Component (E) 

RP: Red phosphorus Novaexcel 140 manufactured by Rinkagakukogyo Co., Ltd. 
20 Other components 

10116] VG1: Vapor grown carbon fiber manufactured by Applied Science Inc. [average diameter of single fiber = 
about 150 nm] 

[01 17] VG2: Vapor grown carbon fiber manufactured by Showa Denko K.K. [average diameter of single fiber = about 
25 50 nm] 

[0118] Also, components (A), (D), (E) and (F) were used in a master pellet, which was prepared by pre-blending 
each component (A), (D), (E) and (F) with component (C). Specifically, the master pellet was prepared by sufficient 
melting and blending desired amounts of each component and component (C) sufficiently dried to a moisture content 
of not more than 0.05% with a twin extruder. 

30 

Example 1 and Comparative Examples 1 to 4 

[01 1 9] Desired amounts of master pellets of the components (A) and (F), which were sufficiently dried to the moisture 
content of not more than 0.05%, and component (C) was added to the main hopper of a twin extruder. While components 
35 (A), (F) and (C) were extruded in a sufficient molten and blended state, component (B) CF1 with moisture content of 
not more than 0.05% was added through a side hopper and mixed. The obtained gut containing discontinuous carbon 
fiber was cooled, and cut to give a pellet of 5 mm. 

[0120] Each component, other components, and blending ratio thereof are shown in Ta ble 2. The obtained pellet 
was dried in vacuum at 100°C for at least 5 hours. And then, this was injection molded with a J150EII-P type injection 
40 molder manufactured by Japan Steel Works, Ltd. with the barrel temper ature at 320°C and the molder temperature 
at 80°C to give each specimen. After molding, the specimen was dried in vacuum at 80°C for 12 hours, stored in a 
desiccator at room temperature for 3 hours, and used in the tes t. The test results are shown in Table 2. 



Table 2 





Example 


Comparative Example 


1 


1 


2 


3 


4 


Resin composition (% by weight) 












Component (A) NT 


0.5 




3.0 






Component (B) CF1 


30.0 


30.0 


30.0 


30.0 


30.0 


Component (C) PC 


79.5 


80.0 


77.0 


79.5 


79.5 


Other components 


VG1 








0.5 




VG2 










0.5 


Characteristics of the molded products 
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10 





Example 


Comparative Example 


1 


1 


2 


3 


4 


(1) Volume resistivity (Qcm) 


0.25 


0.44 


0.42 


0.45 


0.43 


(2) Flexural modulus (d) (GPa) 


16.1 


15.3 


16.2 


15.3 


15.4 


(3) Izod impact strength (J/m) 


56 


52 


42 


48 


45 


Synthetic evaluation 


O 


X 


X 


X 


X 



15 



20 



25 



30 



35 



40 



45 



50 



55 



T01 21] From the results in Table 2, the following conclusions are made. 

0122 Example 1 , in which an amount of component (A) as defined in the present invention was used, provided 
good conductivity and a lower volume resistivity compared with comparative example 1 . However, comparative example 
2 in which an amount of component (A) in excess of what is defined by the present invention was used, could not 
provide molded products having good balance between the impact strength and the conductivity. 
ES Also, Example 1 provided molded products having remarkably good conductivity and impact strength when 
compared with comparative Examples 3 and 4. Vapor grown multi-layer nanotube with average single fiber d.ameter 
of about 15 nm was used in Example 1 , which is within the range defined by the present invention. Vapor grown carbon 
fiber wii^ .average diameter of single fiber of about 150 nm or about 50 nm, which is outside the range defined by the 
present invention, was used in comparative Examples 3 and 4. 

Examples 2 to 5 and Comparative Examples 5 to 8 

[0124] Master pe.let in a sufficiently molten and blended state was extruded through a crosshead die attached to the 
ront side of a single extruder. At the same time, a bundle of continuous fiber shape component (B) CF2 dried Hto the 
water content of not more than 0.05%. was also supplied to the crosshead die. Each component including components 
rA)an^C)werecoatedon component (B). Herein, a crosshead die means a device that opens the bundle of continuous 
fibers and impregnates molten resins into them. The resulting strand containing the bundle of cont.nuous fiber shape 
component (B) was cooled and cut with a cutter to provide a long fiber pellet of 7 mm. 

Examples 6 to 12 

[0125] The continuous fiber bund.e of component (B) CF2 was opened at 200»C with heating. The sufficiently gotten 
component (C) PH was metered with a gear pump and coated on the continuous fiber of the component (B) with a 
coater. Further, the fiber bundle was passed through 10 rolls «p: 50mm) at 180°C. which was alternately positioned 
ud and down in line, to sufficiently impregnate the component (C) PH into the bundle of component (B). 
[0l26j Then, while the master pellet, which was in a sufficiently molten and blended state, was extruded through the 
crosshead die attached to the front side of single extruder, the continuous fiber bundle was supplied to the crosshead 
die to coat each component of the master pellet on the continuous fiber bundle. _ 
[0127] The resulting strand containing the bundle of continuous fiber shape component (B) was cooled and cut with 
a cutter to give a long fiber pellet of 7 mm. The production of such long fiber pellet was continuously performed in on-line. 
[0128] The mast J! pellet was b.ended with the obtained pellet of which components and amounts thereof are shown 
in Table 3 to give the molding compounds. «k»«;«^ 
0129] Eacn component, other components and the blending ratio are shown in Tables 3 and 4. After ^e obtained 
pe, le t was dried in vacuum at 80°C for at least 5 hours in a similar manner, it was injection molded at cylmder temperature 
of 280°C and molder temperature of 70°C and used in the test. The test results are shown ,n Tables 3 and 4. 



Table 3 





Example 


Comparative Example 


2 


3 


4 


5 


5 


6 


7 


8 


Resin composition (% by weight) 


















Component (A) NT 


0.5 


0.1 


0.2 


0.6 




3.0 






Component (B) CF2 


20.0 


20.0 


20.0 


20.0 


20.0 


20.0 


20.0 


20.0 


Component (C) PA1 


79.5 


79.8 


79.3 


79.3 


80.0 


78.0 


79.5 
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10 



15 



20 



25 



30 



35 



40 



45 





Example 


Comparative Example 




Z 


o 
o 


4 


5 


5 


6 


7 


8 


Other Components 


VG1 














0.5 




VG2 
















0.5 


Characteristics of molded | 


products 


















(1) Volume resistivity (Q- cm) 


0.24 


0.28 


0.25 


0.31 


0.43 


0.41 


0.42 


0.43 


(2) Flexural modulus (d) (GPa) 


13.7 


13.2 


13.4 


13.7 


12.4 


14.2 


13.2 


13.0 


(3) Izod impact strength (J/m) 


166 


161 


165 


164 


159 


144 


146 


145 


Synthetic evaluation 


O 


O 


O 


O 


A 


A 


X 


X 



f0130l From the results in Table 3, the following conclusions are made. M . ^ c —» 

J 31 AUhough components (B) and (C) were changed, the same results as that in Table 2 were obtained. Examples 
2 to 5 could .owe' the vo'lume resistivity and provide good conductivity ^^^^l^^Z 
1 ♦ ~< ^mnnnent / a\ «<. cnaaested in the present invention was used in Examples 2 to 5. However, uom- 

Lid not provide molded products having good balance between the ,mpact strength and the conduct ^ 
f 01 321 Also Examples 2 to 5 could provide molded products having remarkably good conduct.v.ty and .mpact strength 
Z^e^cTS^e Examples 7 and 8. Vapor grown mutti-layer nanotube with average diameter^ of s.ngle 
fiber of about 15 nm, which is within the range defined by the present invent.on, was used .n Examples 2 to 5 and 
va^r grown ca*on fiber with average diameter of single fiber a. about 1 50 nm or about 50 nm, wh.ch are outs.de the 
ranges defined by the present invention, was used in Comparative Examples 7 and 8. 

Table 4 



50 



55 







Example 






6 


7 


8 


9 


10 


11 


12 


Resin composition (% by weight) 
















Component (A) NT 


0.2 


0.2 


0.2 


0.2 


0.2 


0.2 


0.2 


Component (B) CF2 


20.0 


20.0 


20.0 


20.0 


20.0 


20.0 


20.0 


Component (C) 


PA1 I 


74.8 










72.8 


67.8 


PA2 




74.8 














PA3 






74.8 












PA4 








74.8 










PA5 . 










74.8 








PH 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


Component (D) CB 












2.0 


2.0 


Component (E) RP 














5.0 


Characteristics of molded products 
















(1 ) Volume resistivity (fi-cm) 


0.22 


0.20 


0.20 


0.21 


0.20 


0.12 


0.12 


(2) Flexural modulus (d) (GPa) 


14.3 


14.2 


14.3 


14.0 


13.9 


14.6 


15.4 


Flexural modules (w) (GPa) 


10.2 


10.1 


10.1 


8.2 


8.0 


10.4 


11.2 


(3) Izod impact strength (J/m) 


158 


162 


155 


157 


146 


153 


155 


(4) Flame retardancy (UL-94) 














V-0 


Characteristics of model casing 
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Table 4 (continued) 



10 



15 



20 



25 





Example 














6 


7 


8 


9 


10 


11 


12 


(1) Injection molding pressure (MPa) 


7.2 


7.1 


7.4 


7.2 


7.7 


7.4 


7.8 


(2) Number average fiber length (urn) 


415 


420 


405 


360 


345 


395 


380 


(3) Elecromagnetic shielding property (dB) 


32 


32 


33 


31 


31 


35 


35 


(4) Outer surface appearance (urn) 


3 


4 


7 


9 


12 


3 


3 


Synthetic evaluation 


OO 


OO 


O 


O 


O 


OO 


OOO 



K)133l From the results in Table 4, the following conclusions are made. maintain tho 

0 34 Examples 6 to 12. in which component (C) was blended with phenolic po.ymer. was able to ma nta.n the 
baSce of good conductivity, rigidity and impact strength as in Examp.es 2 to 5 and further prevent the "smg of the 
of cSton fiber in the upper surface of the molded products when the model casing was molded. The molded 
TroZ^T^pZ 6 to 12 could make the carbon fiber .ong even though they were thin Also they had electro- 
magnSfc shfeiding property even though they were not plated. Therefore, they are particularly preferable for member 
of electronic devices, office automation devices and the like. ... ,„ H „ 

pSblllor membe?of electronic devices, office automation devices and the like, because they 
of mechanical properties in moisturized state and good outer surface appearance over those d [Examples 8 to 10. 
Sl^ "«mp.e11.in which component (D) was blended, can provide higher conduct,v,ty than Examp.e 6. Therefore, 
it is more Darticularly preferable embodiment of the present invention. 

013* ^ ExanTole 12 in which component (E) was blended, achieved flame retardancy of V-0 according to UL-94 
E, dSraLn of the balance between conductivity and mechanical properties. Therefore, it is more particular* 
preferable for member of electronic devices, office automation devices and the like. 



30 



35 



Industrial applicability 

f0138l The present invention can provide carbon fiber reinforced resin composition having , good conductivity me- 
chan al propSes aVd mo.dabi.ity. This resin composition and mo.ding compounds « 

having good conductivity, mechanical properties, outer surface appearance and flame r^J^^SSTta ST 
present invention can provide molded products that are preferable for various industnal fields, such as casings, trays, 
etc for electronic devices, office automation devices, precision machines and automobiles. 



Claims 

40 1 . A carbon fiber reinforced resin composition comprising the following essential components (A). (B) and (C): 

Comoonent (A)- 0 01 to 0.7% by weight of vapor grown carbon fiber and/or nanotubes based on 100% by 
weSi ^of the «rn fiber reinforced resin composition, of which the average diameter of single fiber ranges 
from 1 to 45 nm; 

Component (B): 6 to 40% by weight of carbon fiber based on 100% by weight of the carbon fiber reinforced 
resin composition, of which the average diameter of single fiber ranges from 1 to 20um. and 



45 



50 



55 



2. 



Component (C): resin. 

The carbon fiber reinforced resin composition according to Claim 1, wherein the component (C) is at least one 
lelecteJfiom the group consisting of po.yamide resin, styrenic resin, polycarbonate resin modified polyphenylene 
efi^resin fester rcsin. po.y^heny.enesu.fide) resin, po.yo.efin resin, liquid crysta. po.ymer. phenohc resin 
and elastomer. 

The carbon fiber reinforced resin composition according to Claim 2. wherein the component (C) comprises at least 
a polyamide copolymer. 
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4. The carbon fiber reinforced resin composition according to Claim 3, wherein the polyamide copolymer is composed 
of the following unit structure: 

(pal ) 60 to 90% by weight of hexamethylenediamineadipamide; 
(pa2) 1 to 30% by weight of hexamethyleneisophthalamide; and 
(pa3) 1 to 10% by weight of caproamide; 

and the weight ratio of (pa2)/(pa3) is 1 to 30. 

5. The carbon fiber reinforced resin composition according to Claim 4, wherein the relative viscosity n r (determination 
of viscosity in 98% sulfuric acid) of the polyamide copolymer ranges from 1 .5 to 2.5. 

6. The carbon fiber reinforced resin composition according to Claim 1. further comprising a carbon powder as a 
component (D). 

7. The carbon fiber reinforced resin composition according to Claim 6, wherein the carbon powder is carbon black. 

8. The carbon fiber reinforced resin composition according to Claim 1, further comprising a flame retardant as a 
component (E). 

9. The carbon fiber reinforced resin composition according to Claim 8, wherein the flame retardant is red phosphorus. 

10. Molding compounds with a pellet shape, consisting of the carbon fiber reinforced resin composition described in 
Claim 1. 

11 The molding compounds according to Claim 10. wherein said molding compounds have a pillar shape wherein 
* component (B) is arranged almost parallel to an axial direction of the molding compounds, and the length of com- 
ponent (B) is substantially equal to the length of the molding compounds. 

30 12. The molding compounds according to Claim 11 , having a sheath/core structure wherein the periphery of structure 
B is coated with structure A 

13. The molding compounds according to Claim 10, wherein the pellet is a long fiber pellet. 

35 14. Molding compounds made by blending the molding compounds described in Claim 10 with other molding com- 
pounds. 

15. A molded product made from the carbon fiber reinforced resin composition described in Claim 1 or the molding 
compounds described in Claim 10. 

40 

16. The molded product according to Claim 1 5. wherein the molded product is made by injection molding. 

17. The molded product according to Claim 15, having volume resistivity of not more than 5QQ cm. 

45 18. The molded product according to Claim 15, wherein the flame retardancy for the thickness of not more than 1 .6 
mm (1/16 inch) under UL-94 is equal to or better than V-0. 

19 The molded product according to Claim 15, wherein the flexural modulus for the specimen having thickness of 6.4 
mm and moisture content of not more than 0.05% under ASTM D790 is at least 8 GPa. 

50 20 The molded product according to Claim 15. wherein the flexural modulus for a specimen having thickness of 6 A 
mm, which is hygroscopically treated in a constant temperature and constant-moistened bath at 65°C and 95 h 
RH for 100 hours, under ASTM D790 is at least 6 GPa. 

55 21 The molded product according to Claim 15, wherein the molded product is a casing, a cover, a tray or parts thereof 
for an electronic device, an office automation device, a household appliance, or an automobile. 

22. The molded product according to Claim 21 . wherein the number average fiber length of component (B) is at least 
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200|im. and the electromagnetic shielding property at the frequency of 1 GHz measured with the KEC method is 
at least 30dB. 
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Fig. 3 



Fig. 4 
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